Abstract: This paper explores the interrelations between economic growth, international trade and environmental degradation both theoretically and empirically. Panel data from developed and developing countries for the period of 1980 to 2003 is used and previous critique, especially on the econometric specification, is embedded. In particular, it is not assumed that there is a single link for all countries. Several environmental factors and one sustainability indicator are analyzed for the full sample, regions and income groups. The results indicate that there is an Environmental Kuznets Curve (EKC) for most pollutants, but with several reservations. None of the various hypotheses that concern the link between trade and environmental degradation can be entirely confirmed. If anything, there is modest support for the Pollution Haven Hypothesis (PHH). In addition, there are signs that trade liberalization might be beneficial to sustainable development for rich countries, but harmful to poor ones. However, a sustainable development path is particularly important for developing countries, as the poor are most exposed and vulnerable to the health and productivity losses associated with a degraded environment. Given that developing countries do not usually have the institutional capacities to set up the appropriate environmental policies, it is on developed countries to take the lead in addressing environmental degradation issues and assisting developing countries.
Introduction
The effects of international trade and economic development on the environment have been widely discussed in the economic literature. They have mostly been examined within the framework of Environmental Kuznets Curve (EKC henceforth), which postulates an inverted U-shaped relationship between environmental pollution and per capita income. Several indicators that capture changes in environmental conditions have also been developed in the last decades to actually incorporate environmental variables in the national accounts.
Earlier studies within the context of the EKC by Krueger (1993 and , Selden and Song (1994) , Vincent (1997) , and Gale and Mendez (1998) focused on the impact of economic growth on environmental degradation. These studies have, however, being criticized for a variety of reasons (Stern et al., 1996 ; Ekins, 1997; Stern and Common, 2001 ). First, most of the empirical studies concentrated on few pollutants. This concentration may lead to the incorrect interpretation that all other pollutants have the same relation to income. Second, the relationship between the environment and income growth might vary with the source of income growth, since different types of economic activities have different pollution intensities. One implication of this concept phrased by Antweiler et al. (2001) is that the pollution consequences of economic growth are dependent on the underlying source of growth. Third, Cavlovic et al. (2000) demonstrate that methodological choices can significantly influence the results. In addition, several researchers have argued that the simplest form of the EKC does not account for trade patterns (Suri and Chapman, 1998; Antweiler et al., 2001; Cole, 2004) . Specifically, they indicate that trade patterns may partially explain a reduction in pollution in high income countries, with the reverse occurring in low income countries. In particular, the pollution haven hypothesis (PHH) argues that differences in the strictness of environmental regulations between developing and developed countries will generally result in increased pollution intensive production in the developing countries (Cole, 2004 ). Wagner (2007) confirms this hypothesis for energy data. On the other hand, the Factor Endowment Hypothesis (FEH) postulates that factor abundance and technology determine trade and specialization patterns, and that such countries relatively abundant in factors used intensively in polluting industries will on average get dirtier as trade liberalizes and vice versa (Mani and Wheeler, 1998) .
Numerous studies have examined the trade-environment relationship in the last few years. However, the empirical results reported from these studies appear to be mixed. For example, while the study by Antweiler et al. (2001) shows that trade liberalization reduces pollution, the findings by Dasgupta et al. (2002) appear to be skeptical about the positive environmental effects of trade liberalization.
Furthermore, a number of studies find evidence in support of the PHH (Suri and Chapman, 1998;  Mani and Wheeler, 1998), whereas others (Grossman and Krueger, 1993; Gale and Mendez, 1998) find empirical support in favor of the factor endowment hypothesis (FEH) and against a significant influence of environmental regulation on trade patterns.
Another issue that has received little attention in the debate on trade-environment nexus is the use of an environmentally adjusted income measure, or an indicator of sustainable development. The very few studies that have employed indicators of sustainable development also report findings that are mixed. For instance, UNEP (1999) and Castaneda (1998) conclude that trade liberalization has had a negative impact on the sustainable development of various developing countries, a finding that suggests there might be a trade-off between the economic gains from trade liberalization and its environmental consequences. However, a more recent study by UNEP (2001) finds an overall positive effect of trade on sustainable development for several developing countries.
Most of the studies mentioned above have focused on some economic regions, in particular OECD countries, or geographic regions, while some studies have investigated individual countries with time series data. Empirical analysis on different economic and geographic regions, using similar specifications are rare in the literature. Stern and Common (2001) examine an EKC for Sulphur for OECD and non-OECD countries, without considering the impact of trade. As argued by Stern and Common (2001) , estimates from developed countries may not be informative about future development of emissions in developing countries, particularly when fixed effects estimators are employed. The present study therefore makes a contribution to the debate on the trade-environment relationship by using the EKC framework to examine regional and income groups separately. It also employs an environmentally adjusted income measure to explore whether trade liberalization would still be beneficial for (developing) countries, after controlling national income for potential harmful effects on the environment.
The remainder of the paper is organized as follows. The next section presents a brief discussion of the economic theories on the potential links between trade, economic growth and the environment. In section 3 an EKC framework is developed for the empirical investigation of these links with panel data for 90 countries. Section 4 discusses the data used in the study, while section 5 presents the empirical results. The final section presents concluding remarks.
The Environmental Kuznets Curve
Grossman and Krueger (1995) identify three different channels through which economic growth can affect the quality of the environment that shape the EKC: the scale effect, the increase in pollution when the economy grows, the composition, and the technique effect. The composition effect in this context refers to structural changes that occur in the economy, leading to different environmental pressures in the long-term. Furthermore it is assumed that the dominant role is played by public pressure towards more governmental regulation and the use of cleaner production techniques by firms (technique effect). This is based on the assumption that, as income grows income elasticity of the environmental quality increases. Therefore, after a threshold level of income, wealthier countries tend to be more willing and able to channel resources into environmental protection and higher environmental standards.
The reduced-form specification that is commonly employed in the empirical literature to examine the relationship between environmental degradation and per capita income in the context of the EKC is given as: This implies that, at very high income levels, the scale of economic activity becomes so large that its negative impact on the environment cannot be counterbalanced by the positive impact of the composition and technique effects.
where ε represents the emissions per unit of output of X as a function of abatement intensity, ψ is the share of X in total output, and S is the scale of the economy. The percentage change in the demand for pollution is then given as:
where is the scale effect, Sˆψ is the composition effect, and , εˆ represents the technique effect.
Assuming that trade liberalization fuels an expansion of economic activities in all participating countries, then ceteris paribus the total amount of pollution generated must increase. Moreover, a decline in emission intensity through technological innovations will ceteris paribus reduce the level of pollution. This is the technique effect, which can be divided into a technology and an income effect. While the scale and technique effects are generally considered negative and positive, respectively, the direction of the composition effect appears to be ambiguous, resulting in competing theories that attempt to explain which countries attract dirty industries, when trade is liberalized.
If comparative advantage lies in differences in environmental regulation or enforcement, then the composition effect of trade will be damaging to the environment in countries with relatively lax regulations, because each country would shift its production to activities that its government does not regulate strictly. countries have a comparative advantage in dirty goods production, because capital-intensive industries are more polluting 4 . As high income countries are considered to be capital-abundant, the FEH yields the opposite predictions to the PHH. In reality, both factor endowments and policies differ between countries and influence trade patterns. Hence, the pattern of trade depends on the strength of the individual effects.
A related hypothesis is the race-to-the-bottom hypothesis, which argues that increased international competition for investment will cause countries to lower environmental regulations or to retain poor ones in a 'race to the bottom' in environmental standards, as countries compete to attract foreign capital and keep domestic investment at home, resulting in lower environmental standards.
These hypotheses have important implications for the EKC. International trade makes pollution demand more elastic and more responsive to changes in policy, because one key role for international trade is to offer an alternative abatement mechanism -import the good from abroad (Copeland and Taylor, 2004) . Thus, it delinks consumption from production within a country. As indicated earlier, free trade normally contributes to growth in national income. However, if environmental costs are not internalized, free trade may not be welfare improving. Net welfare effects of a reduction in trade barriers in the presence of environmental externalities depend on comparative advantages and environmental policies. A first approach to analyzing these effects is to assume that environmental policy remains unchanged during trade liberalization (Pethig, 1976) . When both trading partners have an environmental externality, there are multiple equilibria, whereby trade can be beneficial for either partners, to only one, or even reduce welfare vis-à-vis autarky for both countries. Rauscher (1991) shows that, when environmental policy is endogenous, increased economic integration reduces emissions from at least one of the two countries, but the effect on overall emissions is ambiguous and the welfare effects are also ambiguous.
Furthermore, trade allows a discrepancy between EKCs associated with consumption and production.
In many cases, potentially harmful effects occur during the production process of environmentintensive goods, whereas consuming these goods releases no further significant quantities of pollution.
One may therefore expect to find EKCs for the production of these goods, but perhaps none for consumption. In other words, a possible explanation for the downward sloping segment of the inverted-U shape of the EKC may be found in the hypothesized tendency of countries, as they get richer, to spin-off pollution-intensive products to lower income countries, which is in line with the PHH (Wagner, 2007) .
The foregoing discussion indicates that trade may influence the EKC relationship both positively and negatively. The overall net effect of trade and income growth on the environment is therefore ambiguous and may not be uniform across countries, a reason why separate analyses are needed for high-income and low-income countries, as well as individual regions.
The Model
The empirical specification employed in the analysis is based on the standard EKC framework, with trade included as an additional explanatory variable. The specification which combines times series of environmental degradation and trade-per capita income across countries to obtain a panel data set is given as: Given that OLS will yield biased results in the presence of unobserved heterogeneity, either random effects or fixed effects could be employed to obtain consistent results. 
The Data
The data used in the analysis consist of 90 developed and developing countries, and cover the period 1990-2003. A detailed list of the countries used in the analysis is presented in the appendix. Table 1 presents the variable names as used in the regressions, their definitions and their means and standard deviations (in brackets). Environmental quality has many dimensions, each of which may respond to economic variables differently. Hence, a study of the relationship between environment, trade and income should aim to be as comprehensive as possible.
The environmental variables considered include one sustainability indicator (adjusted net saving 
O
Biological oxygen demand-emissions of organic water pollutants-is measured in tons per day, with data from World Development Indicators (2007) 6 . BOD is a standard water treatment test for the 6 There is no indication in the data on how BOD emissions have been measured exactly, i.e. if they are, for instance, average emissions per day or emissions on a specific day of the year. Therefore, although all the other variables are yearly data, they are not sampled up to yearly data. However, having BOD measured in tonnes either per day or per year is only a question of scale and does not change the nature of the effects. Given that the basic idea behind this analysis is to explore whether trade liberalization is beneficial for countries after controlling for potential harmful effects on the environment and natural resource depletion, an ideal income measure would be one that accounts for environmental degradation and natural resource depletion. However, data for such sustainability indicators are often incomplete, particularly for developing countries, and are often subject to the critique of being subjective. Adjusted net saving (ANS), a widely accepted indicator for weak sustainability based on the concepts of green national accounts and on the Hartwick rule for weak sustainability 7 is employed in this study. The data is from the World Bank's World Development Indicators. It measures the rate of gross national savings in percentage of Gross National Income (GNI) after taking into account the depletion of fixed capital, education expenditures (in order to account for human capital formation), the depletion of certain natural resources (energy, minerals and net forest depletion) and pollution damages of carbon dioxide and particulate emissions (Hamilton, 2000) . As in Costantini and Martin (2007) , the specification with ANS as the dependent variable employs lagged income variable as the explanatory variable. This is due to the fact that ANS is measured as a percentage of GNI, as such using current income could result in biased estimates. Note that unlike in the other specifications, a positive coefficient will indicate a move towards more sustainability.
Data on income, trade and population density were also taken from the World Development
Indicators. Gross domestic product (GDP) per capita in purchasing power parity (PPP) terms in constant 2000 international Dollars is used as income measure. Trade intensity as a percentage of GDP is calculated as the sum of exports (X) and imports (M) of goods and services measured as a share of GDP (X +M/GDP). Population density (POPD) (people per square kilometer) is used to control for pollution caused by an increasing population. Logarithms are applied to make the variable less sensitive to outliers.
Significant differences in the results between income groups and the full sample are possible. Turning points for EKCs might be different and EKCs might exist for some income ranges, but not for others.
As indicated earlier, the estimated EKCs are conditional on the country and time effects in the selected sample of data. This means that an EKC estimated with FE using only developed country data might say little about the future behavior of developing countries and vice versa (Stern and Common, 2001 ).
Even more interesting, the trade variable might be ambiguous in the regressions for all countries, but in income group regressions it should clearly reflect the PHH and FEH, if one of these hypotheses is true and dominant. According to the PHH, the trade coefficient must be positive for poor countries and negative for rich countries. If dirty industries are really capital-intensive and rich countries are generally considered capital-abundant, as argued in section 2, then the FEH implies that the signs are expected to be reversed.
To capture these differential effects, the sample is divided into two groups based on the countries' GNI per capita according to the World Bank classification (World Bank, 2008a) . This results in a sample of 44 countries for the first group, called 'high income', and of 46 countries for the second group called 'low income' 8 . Mean values are lower for the low income group for all variables except BOD. As expected, this indicates that poorer countries use less environmental services on average.
However, looking at ANS, a lower rate indicates that these countries are nevertheless less sustainable.
This is due to a higher resource extraction, less investment, and thus less gross savings in many low income countries. By contrast, the ANS rates in the high income countries are higher due to large investments, lack of dependence on natural resource depletion and strong exports of high value-added goods and services (World Bank, 2008b). As for the high BOD figure for the low income group, a possible explanation is that less water is treated and water treatment plants do not exist or are less sophisticated than in high income countries.
In addition to the income group analysis, separate estimations are also conducted to identify possible differences between geographical regions. Five regions are identified for the analysis: 'Sub-Saharan Africa (SSA)', 'North Africa and the Middle East', 'Europe and Atlantic (EU & Atlantic)', 'Asia' and 'Latin America' 9 . The regional classification of countries in the sample is presented in the appendix.
Possible differences between regions could arise due to different development paths (for example based on natural resource extraction, traditional industrial activity, or service industries), cultural differences, dissimilarities in climate and natural resource endowment, or different approaches towards environmental protection in the policy agenda.
The specification in the study does not include information on factors such as environmental policies and production technology that may affect environmental degradation but for which we have no data.
These factors are therefore treated as country-specific effects. However, given that the estimation approach employed in the study uses fixed effects, the time invariant component of these effects gets eliminated and thus cross-sectional differences in infrastructure, production technology, environmental policy, etc. pose no problem.
Empirical Results
The fixed effects estimates from the EKC for the various specifications are presented in Tables 2 to 7 .
The test for heteroscedasticity revealed the presence of heteroscedasticity. We also tested for autocorrelation, which was present of the first order. To account for the heteroscedasticity and autocorrelation, Driscoll-Kraay standard errors were computed and reported in the tables. The results for the other specifications, feasible general least squares and random effects, are not reported here but are available upon request. A Hausman test of the null hypothesis that the country-specific effects are uncorrelated with the explanatory variables was conducted in the fixed effects models. In the majority of cases, the null hypotheses could be rejected, suggesting that specifications that do not account for these correlations may produce biased and inconsistent results.
The results for the full sample, which are presented in Table 2 , appear to be largely consistent with the EKC. In particular, GDP exerts a positive and highly significant impact on all environmental variables, the coefficients for GDP squared are all negative and significantly different from zero. and BOD, the estimates for both high and low income countries appear to be consistent with the EKC hypothesis, since GDP and GDP squared are significant with alternate signs. The first two columns present the results for CFCPC. The turning points are around US$ 5 000 and 16 000 for low-income and high-incomes groups, respectively. Contrarily to CFCs, BOD emissions are on average significantly higher in low income than in high income countries. The BOD income group regression results are presented in the third and fourth columns in the Table 10 . The income coefficients do not change much compared to the results for the whole sample, and are still supportive of an EKC for LNBOD. The turning points for BOD are around US$ 6 570 and US$ 27 924 for the low-income and high-income groups, respectively, which is high in the range of incomes in the respective groups 11 .
For the analysis of the results for the ENERGYPC income group regression, it is significant to note that the average energy consumption in poor countries is only a small part of that in rich countries (0.7 versus 3.5 tons of oil equivalent per capita). For high income countries there is still a robust EKC, with a slightly lower turning point of about US$ 45 000. There is, however, no evidence of an EKC for low income countries, as both income and income squared variables turned out positive and significant, without any turning point. In addition, the estimated coefficients for the TRADE variable in the per capita energy consumption are statistically significant, with a negative sign for high income countries and a positive sign for low income countries. The negative coefficient for high-income countries indicates that trade helps to reduce the per capita energy use in these countries, whereas the positive coefficient for low income countries means that trade increases energy use in this group of countries.
This lends support to the PHH. Together with the income coefficients, this is a good example of how in fact two EKCs for high income countries might exist, one for consumption and one for production, whereby rich countries are becoming cleaner in their production patterns, but the consumption EKC might not fall at higher income levels. The difference between the two curves is due to the specialization of low income countries in dirty good production, which are then exported to high income countries, a finding that is consistent with the suggestions put forward by Wagner (2007) .
The estimates for the variable representing ANS also reveal different results for low-income and highincome groups. The coefficients for the income variables point towards an EKC for high income countries, but not for low income countries. As the turning point is very high for the low income group, this suggests that income growth is ultimately good for sustainable development for most 10 A look at the BOD data reveals that outliers might be a problem. Based on this observation, a logarithmic transformation is appropriate. The new dependent variable is LNBOD and the estimates for the original variable are not presented. 11 The turnoff point between high and low incomes is at US$ 3 595 and the highest income in the high income group is at US$ 35 407.
countries in this group. In addition, the estimates for the trade variable are striking. TRADE is highly significant and supportive of the PHH. This implies that, while income growth appears to be ultimately good for the sustainable development of low income countries, trade is detrimental to it.
The estimates for the regions are presented in Tables 4 to 7 . Table 4 conventions for the reduction of CFC emissions, there may also be other reasons.
The regional regressions for LNBOD presented in Table 5 imply slightly different conclusions compared to the full sample. In particular, for Sub-Saharan Africa no more EKC is found and for Asia the income variables have the right signs, but are not significant. As poor water quality in many SSA countries affects the health of its citizens severely, clear results and therefore policy implications would be important here. Furthermore, TRADE now has a clear positive impact on BOD emissions in Latin America. Poor water treatment in BOD-intensive exporting industries, like metal, textile and paper and pulp production, due to slack environmental regulation could be underlying this trend. In the other regions, the results are not that clear.
The results for the regional regressions for per capita energy consumption (ENERGYPC) are presented in Table 6 . The estimates reveal an EKC for all regions, with the notable exception of Latin America. The trade coefficient is insignificant and ambiguous except for Asia, where it is positive and significant. The results generally reveal that the effects of trade on energy use differ between regions. Table 7 In addition, none of the various theoretical hypotheses that consider the link between trade and the environment can be fully confirmed. If anything, there is support for the PHH in the income group regressions. The empirical results from the study and those of previous studies suggest that many poor regions of the world are failing to be on a sustainable path, although this is particularly important for developing countries, which are the most exposed and vulnerable to the health and productivity losses associated with a degraded environment. Specifically, the estimates from the Adjusted Net Savings measure indicate that trade liberalization might be beneficial for rich, but harmful for poor countries' sustainable development efforts.
The empirical results do have some policy implications. First, global pollution issues, such as global warming, require international cooperative action, because countries can get a 'free ride' on the environmental efforts of others. One major challenge for policy interventions is that there can be significant delays between changes in human behavior, including policy choices, and their environmental impacts. However, the example of CFCs suggests that awareness of and pressure from various stakeholders can be crucial for the perceived benefits of environmental change and thus a strong driving force for policy makers.
Second, even in very low income economies, stricter pollution control can make sense, because solving environmental problems in developing countries does not necessarily hurt economic growth (Grossman and Krueger, 1995) . Given that these countries do not usually have the institutional capacities to set up sound environmental policies, protecting some sectors for specified periods, while the institutional and regulatory capacities are put in place may be a realistic second-best policy option (World Bank, 2001 ). In addition to technical and financial assistance to help developing countries comply with rich countries' environmental standards and set up sound environmental policy regimes, an improved environmental friendly development aid policy could include the support of higher-value added exports in the sense of promoting green products from developing countries in the markets of developed countries. Under such conditions, environmentally preferable products and production methods in developing countries would present new opportunities for trade and investment. Notes: Standard errors are in parenthesis. Driscoll-Kraay (DK) standard errors are used. * significant at 5%; ** significant at 10%, and *** significant at 1% level. For ANS, LAGGDP and its square (LGDPSQ) are used instead of GDP and GDPSQ. p-values for the Hausman test are in parenthesis. ρ is the estimated residual autocorrelation coefficient. Turning point displays the estimated turning points. Notes: Standard errors are in parenthesis. Driscoll-Kraay (DK) standard errors are used. * significant at 5%; ** significant at 10%, and *** significant at 1% level. LAGGDP and its square (LGDPSQ) are used instead of GDP and GDPSQ. p-values for the Hausman test are in parenthesis. ρ is the estimated residual autocorrelation coefficient. Turning point displays the estimated turning points.
